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Abstract 
Desiccant bed solar dryer is a solar dryer that has dehumidification system used for decreasing drying air humidity by 
install silica gel beds (SGB) for continuously drying process. Each SGB has width of 0.55 m, length of 0.95 m. and 
thickness of 0.01 m. The collector area is 2.5 m2 with 17 degree tilted angles. From the experiments can conclude that 
the top SGB has highest adsorption rate, average 0.073 kg water/hr, the west SGB has lower adsorption rate, average 
0.062 kg water/hr and the east SGB has lowest adsorption rate, average 0.032 kg water/hr. The parameters that effects 
to adsorption rate are air temperature and humidity ratio of humid air. The results shows that with-load test, the 
conditions that suitable for drying chili are 0.08 kg/s mass flow rate and 60 oC drying temperature, drying chili 8 kg 
from initial moisture content 82 %wb to final moisture content 13 %wb. The experiments were carried out by 
continuously operated and divided into two parts, with-dehumidification system and without-dehumidification 
system. The drying time of with-dehumidification system is shorter than without-dehumidification system 20.83 %. 
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1. Introduction 
Drying is the oldest method of preservation. For several thousand years people have been preserving 
agricultural products by drying. Until canning was developed at the end of the 18th century, drying was 
virtually the only method of food preservation. It is still the most widely used method. Drying is an 
excellent way to preserve food and solar food dryers are an appropriate food preservation technology for a 
sustainable world. 
The mass flow rate, temperature, and humidity of air are the most important parameters that determine 
the quality of the dried product [1, 2]. Temperature of the drying air must be kept below some maximum 
value that depends on the intended use of the product. In fact, deleterious effects on grain are determined 
by a combination of temperature and humidity of drying air and the duration of exposure rather than by 
temperature alone. Thus, high temperature can be used for a short time. Along with the temperature of the 
drying air, the air flow rate also determines the drying time. Increasing of air flow rate will reduce drying 
time but it relate with other factors too. At the same temperature, the air with low relative humidity has 
more capacity to dry than that with higher humidity.  
Therefore, the objectives of this work are design, construct and test the solar dryer with 
dehumidification system to develop solar dryer for saving energy. 
 
Nomenclature 
 
Ac Area of collector, m2 
Ax Cross-sectional area of air duct, m2 
Cp Specific heat of air, J/kgoC 
Gt Global solar radiation on tiled surface, W/m2 
hfg Latent heat of vaporization of water, MJ/kg 
Ma Mass of air, kg 
Mra Mass flow rate of air, kg/s 
Mw Mass of water evaporated, kg 
Rc  Regeneration or adsorption rate, kg water/hour 
RHa Relative humidity of ambient air, % 
RHis Relative humidity of air at silica gel inlet, % 
RHos Relative humidity of air at silica gel outlet, % 
RHra Relative humidity of recycle air, % 
Ta Temperature of ambient air, oC 
Td Temperature of air inside drying chamber , oC 
Tic Temperature of air at collector inlet, oC 
Tid Temperature of air at drying chamber inlet, oC 
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Tih Temperature of air at heater inlet, oC 
Tis Temperature of air at silica gel bed inlet, oC 
Toc Temperature of air at collector outlet, oC 
Tod Temperature of air at drying chamber outlet, oC 
Toh Temperature of air at heater outlet, oC 
Tos Temperature of air at silica gel bed outlet, oC 
Tra Temperature of recycle air, oC 
v Velocity of air, m/s 
w1 Inlet air moisture ratio, kg water/kg dry air 
w2 Outlet air moisture ratio, kg water/kg dry air 
 Density of air, kg/m3 
c The efficiency of solar collector, % 
d The efficiency of drying chamber, % 
2. Design and operation concept 
Component sizing design of the solar dryer is follow to Development of Fruit Drying System Using 
Solar Assisted Energy by Mr.Natthawut Dussadee, Master Science in Energy Technology, KMUTT [3]. 
The main objective in this section is to design the appropriate direction of silica gel bed to 
dehumidification and regeneration process for continuously drying. 
 To design the direction of 3 silica gel beds (SGB) install with solar dryer must consider to 
regeneration process and capability of silica gel to adsorb moisture, the regeneration process use only 
solar radiation and capability of silica gel to adsorb moisture will decrease when operate at high 
temperature [4, 5]. Therefore, the first silica gel bed that use to dehumidification process in the morning 
expose to solar radiation, the temperature of bed will low which, appropriate for silica gel to adsorb 
moisture, in the afternoon the west silica gel bed will expose to solar radiation and start to regenerate. The 
second silica gel bed that use to dehumidification process in the afternoon should install at the east 
temperature of bed will low that appropriate for silica gel to adsorb moisture and, in the next morning the 
east silica gel bed will expose to solar radiation and start to regenerate. The third silica gel bed that use to 
dehumidification process at nighttime should install on the top of solar dryer because at nighttime there is 
no solar radiation. 
Table 1. Operation schedule of silica gel beds 
Direction of SGB Morning (06.00 - 12.00) Afternoon (12.00  18.00) Night Time (18.00  06.00) 
West Dehumidification Regeneration - 
East Regeneration Dehumidification - 
Top Regeneration Regeneration Dehumidification 
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The major components of this proposed system are the followings:
1. V1, V2 and V3 are valves that used for alternatively opened in adsorption process.
V1 is opened (V2 and V3 are closed) for adsorption process of the top SGB.
V2 is opened (V1 and V3 are closed) for adsorption process of the west SGB.
V3 is opened (V1 and V2 are closed) for adsorption process of the east SGB.
2. SGB are silica gel beds used for air dehumidifying.
3. FPC is flat plate solar collector used for heating air.
4. B is blower used for allows circulating the air in the system components.
5. Aux is auxiliary heat source used for adjusting the air temperature to the requirement.
6. DC is drying chamber.
7. V4 is valve that used for adjusting the amount of recycle air. 
Fig.1. Schematic of the desiccant bed solar dryer system
Concept of the desiccant bed solar dryer as shown schematically in Fig.1. Ambient air is circulated by
blower pass through selected silica gel bed by valve 1, valve 2 and valve 3 as describe in above section.
Air pass through selected silica gel bed for decreasing drying air humidity. The air that has lower 
humidity will heating up when pass through flat plate collector and blow to drying chamber. If the
temperature of drying air less than the requirement temperature, the temperature control system will start 
electrical heater to heating up air temperature before air will blow to drying chamber and when the drying
air temperature more than the requirement temperature, the temperature control system will stop electrical
heater. The drying air that passed drying chamber will pass to valve 4 to adjust the amount of recycle air.
3.  Method for evaluating solar dryer
In this section, the positions of measuring equipment and the variables measured will be highlighted,
as well as the methods for evaluating the solar dryer will be described.
Measuring parameters and position of measuring equipment are shown in Fig.2.
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Fig.2. The position of measuring parameters 
3.1.  Method for conducting no-load test 
The purpose of conducting no-load test is to evaluate the bed performance of silica gel beds when 
varies mass flow rate of air into three cases:  
 Mass flow rate of air 0.08 kg/s 
 Mass flow rate of air 0.10 kg/s 
 Mass flow rate of air 0.15 kg/s 
The specific objectives of conduction no-load tests are to know: 
 Adsorption rate and regeneration rate of each direction of silica gel bed. 
 The parameters that effect to regeneration rate and adsorption rate of silica gel. 
Description 
In this experiment the variable parameter is mass flow rate of air in three value; 0.08, 0.10 and 0.15 
kg/s. The process of measurement in this part start with the dehumidification of the top silica gel at 
nighttime (18.00  06.00), the west silica gel bed in the morning (06.00  12.00) and the east silica gel 
bed in the afternoon (12.00  18.00) respectively. Regeneration process of the top silica gel bed operated 
on whole daytime (06.00  18.00), the west silica gel bed operated in the afternoon (12.00  18.00) and 
the east silica gel bed operated in the next morning (06.00  12.00). 
3.2. Method for conducting with-load test 
The desiccant bed solar dryer was used to drying chili for test the performance of the dryer. In the 
condition of 0.08 kg/s mass flow rate and 60 oC drying temperature (the condition for drying chili is 
follow to Chili Drying by Producer Gas from an Up-Flow Gasifier by Chanakarn, Master Science in 
Energy Technology, KMUTT [6]). The experiments were carried out by continuously operated and 
divided into two parts, with-dehumidification system and without-dehumidification system. 
 Evaluation of bed performance [4, 5] 
The performance of adsorption or regeneration rates and regeneration efficiency was calculated. The 
mass balance equation of moisture in the process air was applied: 
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12 wwMR rac       (1) 
 Evaluation of collector efficiency [7, 8] 
The efficiency of solar collector can be calculated by the equation: 
ct
icocpra
c AG
TTCM
       (2) 
The mass flow rate of air can be calculated by the equation: 
xra AvM        (3) 
 Evaluation of chamber efficiency [7,8]  
The efficiency of the drying chamber can be calculated by the equation: 
odidpa
fgw
d TTCM
hM
       (4) 
4.  Results and discussion 
The experiments have been conducted with no-load and with-load test, so the observation and results 
are described in details in this section. 
4.1.  No-load test 
The results of the humidity ratio of humid air inlet and outlet silica gel bed by testing with mass flow 
rate 0.08, 0.10 and 0.15 kg/s are similar results; the humidity ratio of humid air inlet silica gel bed is 
higher than the humidity ratio of humid air outlet silica gel bed. 
Table 2.  Adsorption rate, regeneration rate, humidity ratio, solar radiation and air temperature of the 
mass flow rate of air at 0.08 kg/s 
Parameters Top  SGB West -  SGB East-  SGB 
Adsorption Rate  (kgwater/hr) 0.074 0.065 0.036 
Regeneration Rate  (kgwater/hr) 0.071 0.083 0.033 
Humidity Ratio of Humid Air  (kg water/kg dry air) 0.02081 0.02063 0.01915 
Solar Radiation  (MJ/m2) 22.71 12.06 9.95 
Air Temperature  (oC) 27.4 33.3 39.3 
Table 3.  Adsorption rate, regeneration rate, humidity ratio, solar radiation and air temperature of the 
mass flow rate of air at 0.10 kg/s 
Parameters Top  SGB West -  SGB East-  SGB 
Adsorption Rate  (kgwater/hr) 0.069 0.060 0.035 
Regeneration Rate  (kgwater/hr) 0.068 0.067 0.033 
Humidity Ratio of Humid Air  (kg water/kg dry air) 0.02078 0.02058 0.01874 
Solar Radiation  (MJ/m2) 22.17 12.23 10.28 
Air Temperature  (oC) 29.3 33.7 39.7 
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Table 4.  Adsorption rate, regeneration rate, humidity ratio, solar radiation and air temperature of the 
mass flow rate of air at 0.15 kg/s 
Parameters Top  SGB West -  SGB East-  SGB 
Adsorption Rate  (kgwater/hr) 0.075 0.060 0.026 
Regeneration Rate  (kgwater/hr) 0.079 0.075 0.025 
Humidity Ratio of Humid Air  (kg water/kg dry air) 0.02082 0.02059 0.01815 
Solar Radiation  (MJ/m2) 22.81 12.53 10.26 
Air Temperature  (oC) 29.8 35.2 40.8 
From Table 2.  Table 4., at constant mass flow rate of air, it is observed that each silica gel bed has 
different adsorption rate by the top SGB has highest adsorption rate, next is the west SGB and the last is 
the east SGB. Consider to humidity ratio of humid air, at nighttime (operated time of the top SGB) the 
humidity ration of humid air is higher than in the morning (operated time of the west SGB) and in the 
afternoon (operated time of the east SGB) respectively. And consider to air temperature, at nighttime has 
lower air temperature than in the morning and in the afternoon respectively. Therefore, the adsorption rate 
of silica gel is depends on two parameters, the humidity ratio of humid air and air temperature. The 
adsorption rate is directly proportional with the humidity ratio of humid air and inverse proportional with 
air temperature. From these conclusions, it can discuss that, the air which has high humidity ratio is the 
air which has high moisture. Therefore, silica gel can adsorb moisture form the air that has high moisture 
more than the air that has lower moisture. The air with low temperature is appropriate for silica gel to 
adsorb moisture more than the air with high temperature.   
By varies mass flow rate of air, consider at the same direction of SGB, the adsorption rate of each 
silica gel bed is nearly by average adsorption rate of the top SGB, the west SGB and the east SGB are 
0.073, 0.062 and 0.032 kgwater/hr respectively. From this result, it can conclude that the mass flow rate of 
air from 0.08 to 0.15 kg/s will not effect to adsorption rate of silica gel. Therefore, mass flow rate of air 
will depend on suitable mass flow rate of each product. 
4.1.  With-load test 
The results by conducting with-load test as shown in Table 5. 
-dehumidification and without-dehumidification 
system 
Parameters With - Dehumidification Without - Dehumidification 
Initial moisture content of chili   
   (% wb) 82% 82% 
   (% db) 456 % 456 % 
Final moisture content of chili   
   (% wb) 13% 13% 
   (% db) 15 % 15 % 
Drying time (hour) 19 24 
Solar radiation (MJ/m2) 15.43 7.68 
Electricity consumption (kWh) 40.6 62.10 
Average ambient temperature (oC) 31.7 28.4 
Average chamber temperature (oC) 57.66 57.64 
Collector efficiency (%) 42.1 % 39.6 % 
Chamber efficiency (%) 13.8 % 10.9 % 
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 With-dehumidification system 
The experiment to conducted with-load test with-dehumidification system was used 3 silica gel beds 
install on top, west and east of solar dryer by the top SGB operate at nighttime (18.00  06.00), the west 
SGB operate in the morning (06.00  12.00) and the east SGB operate in the afternoon (12.00  18.00). In 
the condition of 0.08 kg/s mass flow rate and 60 oC drying temperature can be dry chili from initial 82 
%wb to 13 %wb within 19 hours by used solar energy 15.43 MJ/m2 and electricity consumption 40.60 
kWh. From the experiment, energy efficiency was calculated by use Equation (2) and Equation (4) and 
found that collector efficiency is 42.1 % and chamber efficiency is 13.8 %. 
 Without-dehumidification system 
With-load test without-dehumidification system was conducted in the condition of 0.08 kg/s mass 
flow rate and 60 oC drying temperature the same as with - 
it can be dry chili from initial 82 %wb to 13 %wb within 24 hours by used solar energy 7.68 MJ/m2 and 
electricity consumption 62.10 kWh. From the experiment, energy efficiency was calculated by use 
Equation (2) and Equation (4) and found that collector efficiency is 39.6 % and chamber efficiency is 
10.9 %. The moisture content of chili from initial 82 %wb to final 13 %wb of with-dehumidification and 
without-dehumidification system are shown in Fig.3. 
 
 
Fig.3. Comparison of drying curves of with-dehumidification and without-dehumidification system 
Drying chili from initial moisture content 456 %db to 15 %db used drying time 19 hours for with-
dehumidification system and 24 hours for without-dehumidification system. Consider at the same time, 
the moisture content of with-dehumidification is decrease faster than the moisture content of without-
dehumidification system. 
5.  Conclusions 
 The top SGB has highest adsorption rate, next is the west SGB and the last is the east SGB. 
 Varying mass flow rate of air from 0.08 to 0.15 kg/s do not have significantly effect to the 
adsorption rate of silica gel. 
 The parameter that effects to adsorption rate of silica gel are air temperature which, inverse 
proportional to the adsorption rate and humidity ratio of humid air which, directly 
proportional to the adsorption rate. 
 Silica gel can be regenerated by using only solar radiation. 
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The drying time of with-dehumidification system is shorter than without-dehumidification system 
20.83 %. The collector efficiency and chamber efficiency of with-dehumidification system are higher 
than without-dehumidification system. It can be discussed that the air which pass through 
d
system. The air, which less moisture, will heat up to required temperature by used lower energy and has 
more capacity to carry out moisture from product than the air that has more moisture. So, the drying 
process with-dehumidification system will use drying time shorter, less energy used and has more energy 
efficiency than the drying process without-dehumidification system. 
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